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SUBSURFACE INJECTION OF WASTES
LAKES ERIE AND ONTARIO BASINS
INTRODUCTION
U. 5. Environmental Protection Agency is opposed to the disposal or
storage of wastes by subsurface injection without strict controls
and a clear dcsonstration that such wastes will not interfere with
present or potential use ofsubsurface water supplies, contaminate
interconnected.surface waters, or otherwise damage the environment.
Where subsurface injection of wastes is practiced, it will be rec-
ognized as a temporary means of disposal to be discontinued when
alternatives enabling greater environmental protection become avail-
able 0
Proposed legislation now being considered requires that the EPA
Administrator develop programs for eliminating or reducing ground-
water pollution, monitoring of ground water and establish criteria
of quality of groundwater.
Michigan Water Resources Commission is opposed to the disposal or
storage of wastes by subsurface injection without strict controls.
an a clear demonstration that such wastes will not interfere with
present or potential use of subsurface water supplies, contaminate
interconnected surface waters, adversely affect other mineral
resources or otherwise damage the environment. When subsurface
injection of wastes is permitted, it should be recognized that it
will be continuously evaluated in the light of changing technology
and be discontinued when alternatives enabling greater environmental
protection become available.
In New York, the injection of liquid wastes into deep wells is con-
sidered a last resort after all other methods have been evaluated.
The applicant must demonstrate that this method (1) is the optimal
approach, and (2) has the least effect on the total environment.
New York is presently re—evaluating their deep well policy due to
seismographic infonnation from monitoring the present wells.
 
Ohio perndts disposal of certain industrial wastes to deep formations.
The Mt. Simon (Cambrian) sandstone is the only formation which has
received approval for the disposal of Wastes. Applications must be
approved by the Water Pollution Control Board, the Department of
Health, and the Department of Natural Resources. The permit is issued
by the Division of Oil and Gas in the Department of Natural Resources,
with such conditions as may be necessary to protect health, safety or
the conservation of natural resources.
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ENVIRONMENTAL
PROTECTION
AGENCY
U.
S.
EPA
policy
regarding
disposal
of
wastes
by
subsurface
injection
was
issued
by
order
C
M
SOhO.lO
on
October
15,
1970,
under
the
Federal
Water
Quality
Administration.
This
order
was
transferred
to
EPA
by
executive
order
when
reorganization
occurred
forming EPA.
Proposed
legislation
has
provisions
for
monitoring
water
quality
and
setting
standards
for
ground
water.
This
legislation
implies
EPA
will
have
authority
to
prevent
and
abate
pollution-of
ground
waters.
Subsequently,
subsurface
injection
of
fluid
waste
may
be
subject
to
EPA
policy
as
well
as
state
policies.
The
following
order
is
EPA
policy
regarding
disposal
of
wastes
by
subsurface
injection.
"
.
-
STATEMENT OF POLICY
EPA
FWQA
ORDER
NO.
COM
50h0.10  
Subject:
Policy
on
Disposal
of
wastes
by
Subsurface
Injection
1.
PURPOSE.
This
order
establishes
EPA
policy
on
the
disposal
of
wastes
by
subsurface
injections.
~
 
2. BACKGROUND.
a.
The
disposal
and
storage
of
liquid
wastes
by
subsurface
injections
are
being
increasingly
considered,
especially
by
industries
facing
enforcement
of
water
quality
standards.
This
is
because
of
the
diminishing
capabilities
of
surface
waters
to
receive
effluents
with-
out
violation
of
standards,
and
the
apparent
lower
costs
of
this
method
of
disposal
over
conventional
and
advanced
waste
treatment
techniques.
b.
The
effects
of underground pollution
and the
fate
of
injected materials
are
uncertain
with
today's
knowledge.
These
wastes
could
well
result
in
serious
pollution
damage
and
require
a
more
com-
plex
and
costly
solution
on
a
long-tenm'basis.
c.
Improper
injection
of municipal
or
industrial
wastes
to
the
subsurface
could
result
in
serious
pollution
of
water
supplies
or
other environmental hazards.
3c
a.
EPA
is
opposed
to
the
disposal
or
storage
of
wastes
by
subsurface
injection
without
strict
controls
and
a
clear
demonstration
that
such
wastes
will
not
interfere
with
present
or
potential
use
of
subsurface
water
supplies,
contaminate
interconnected
surface
waters,
or otherwise damage the environment.
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b. All proposals for subsurface injection of wastes shall
be critically evaluated to detexndne that:
(1) Alternative measures have been explored and found
less satisfactory in terms of environmental protection;
(2) Appropriate preinjection tests have been made to
allow predictionof the fate of wastes to be injected;
(3) There is adequate evidence to demonstrate that such
injection will not interfere with present or potential use of water
resources nor result in other environmental hazards;
(h) Best practical measures for pretreatment of wastes
have been applied;
(5) The subsurface injection system has been designed
and constructed using the best available techniques, equipment, and
design criteria;
(6) Provisions for adequate and continuous monitoring
of the injection operation and resulting effects of the injection on
the_environment have been made; and . ~
(7) Appropriate provisiOn will be made for plugging such
wells at horizons below present or potential sources of water supply
when their use for disposal is discontinued.
c. Where subsurface injection of wastes is practiced, it
will be recognized as a temporary means of ultimate disposal to be
discontinued when alternatives enabling greater environmental
protection become available.
h. IMPLEMENTATION. EPA will apply this policy to the extent of
its authorities in conducting all program activities, including
regulatory activities, research and developxent, control of pollution
from Federal installations, technical assistance to the States, and
the administration of the construction grants, State program grants,
and basin planning grants programs.
 
MICHIGAN
BACKGROUND. The disposal and storage of liquid wastesby sub-
surface injection are continuously being considered, especially by
industries with wastes that are not conducive to conventional treat-
ment. The effects of underground injection and the fate of injected
materials are uncertain without extensive evaluation of the many
aspects of such systems. Improper injection of municipal or industrial
wastes into certain earth stratas could directly and indirectly result
in serious pollution of water supplies or other public health and
environmental hazards.
STATEHEHT OF‘POLICY. The Michigan Water Resources Commission is
opposed to the sloposei or storage of wastes by subsurface injection
without strict controls and a clear demonstration that such wastes
will not interfere with present or potential use of subsurface water
supplies, contaminate interconnected surface waters, adversely affect
other mineral resources or otherwise damage the environment.
All proposals for subsurface injection of wastes shall be
critically evaluated to determine that:
 
1. Alternative measures have been explored and found less
satisfactory in terms of environmental protection.
2. Appropriate evaluations and preinjection tests have been
_ made to allow prediction of the fate of wastes to be
injected as well as the effect of such operations upon
the natural conditions in the subsurface.
3. There is adequate evidence to demonstrate that such injection
will not interfere with present or potential use of water
resources nor result in other environmental hazards.
h. All needed measures for pretreatment of wastes have been
applied.'
5. The subsurface injection system has been designed and con-
structed using approved techniques, equipment, and design
criteria. '
6. Provisions foradequate and continuing monitoring of the
injection operation, periodic reservoir analysis and
resulting effects of the injection on health and resource
values havebeen made.
7. Appropriate provision will be made for plugging such wells
at horizons below present or potential sources of water
supply when their use for dispOSal is discontinued.
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The disposal wells are summarized in Table 3.
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I.
NEW YORK
The
utilization
of
deep
well
injection
is
a
specialized
method
of
waste
disposal
with
limited
application
as
a
last
resort
and
it
must
be
demonstrated
that
this
is
the
optimal
approach
considering
I
all
other
disposal
or
treatment
methods.
Certain
general
conditions
can
be
indicated
for
any
application
of
this
method
and
a
number
of
criteria
must
be
met
before
any
con~
sideration
should
be
given.
However,
each
application
is
unique
and
must
therefore
stand
or
fall
on
its
own
merits.
New
York's
Deep
Well
Injection
policy
as
stated
in
their
Environ-
mental
Health
Manual,
Pure
Waters,
is
as
follows:
STATBVTQET OF POLICY
T.L.
39:;3-A,
€729762,APolicy
Item
WATER
-
6.
A.
The
injection
of liquid wastes
by deep wells
is considered
a last
resort after
all
other methods
have been
evaluated;
it is a method for gaining long-term storage rather than
treatment.
The applicant must
demonstrate
that
this method
(1)
is
the
optimal
approach,
and
(2)
has
the
least
effect
to
the total environment.
 
B.
Fresh ground waters
and potential mineral
resources
which
may
be
subject
to
future
development
must
be
protected
against
any adverse
effect by
the
disposal
of wastes
into
the subsurface.
'.,
C.
It is incumbent upon
the
applicant
to
obtain
a competent
geologist and a professional engineer for the necessary
studies,
design and preparation of reports and plans.
This
should include,
but not
be limited to
the
environmental,
economical and technical implications.
D.
Continuous
injection
at critical
input
(hydraulic
parting)
pressures
is prohibited and will
not
be
approved.
E.
A permit must be
issued prior to the
construction
and
operation of any disposal of wastes through deep well
injection.
F.
Concurrence
must
be
obtained
from
the
Division
of
Oil
and
Gas of the
Conservation
Department and the
office
of
the
State
Geologist
of the
Education
Department.
New York has
two wastewater disposal
wells
located in the Buffalo-
Niagara
Falls
area.
The
industries
which
have
the
wells
are
Hooker
Chemical
Corporation
at
Niagara
Falls
and
Bethlehem
Steel
Company
at
Lackawanna.
Test wells
have been
drilled,
however they have
been
shut-in and no permits to operate have been issued by the state.
New
York
is
presently
re-evaluating
their
subsurface
injection
policy
due
torecent
developments in
detection of tremors
in
this
area.
13
La—.   

Le approval of such disposal method requires the concurrence
, T313 of Natural Resources, the Ohio Eater Pollution Control
Board and the 1;;artment of Health. The permit for the construction of
the well is issued by the Division of Oil and Gas in the Department of
Natural Resources. The following sections of the Ohio Oil and Gas Code
1509 are pertinent to disposal wells.
STATEHVWT OF POLICY
1509.051 Liquid uisnosal permit
No person shall use a well for the injection of sewage or any
liquid used in or resulting from any process of industny,
manufacture, trade, busi.ess, or agriculture, without having a
liquid disposal permit issued by the chief of the division of
oil and gas, and the original permit or a true copy thereof
displayed in a conspicuous and easily accessible place at the
well site.
A permit to drill a new well, drill an existing well deeper, or
to reopen a well, is a liquid disposal permit if the permit was
issued in satisfaction of the requirements of section 1509.081
of the Revised Code, or if a permit author121ng such use has been
issued under section 1509.21 of the Revised Code, or if such use
is approved by the chief under section 1509.22 of the Revised
Code. (132 v 8226. Eff. 6-26-67)
1509.06 Application for permit
An application for a pennit to drill a new well, drill an
existing well deeper, reopen a well, plug back a well to a
different source of supply, or use a well for injection of a
liquid for which a permit is required by section 1509.051 of
the Revised Code, shall be filed with the chief of the division
of oil and gas upon such font as the chief prescribes and shall
contain the following information:
(A) The name and address of the owner;
(B) The signature of the owner or his authorized agent.
When an authorized agent signs an application it
shall be accompanied by a certified copy of his
appointment as such agent.
(C) The names and addresses of all persons holding the
royalty interest in the tract upon which the well is
to be drilled or within a proposed drilling unit;
(D) “9 location of the tract or drilling unit on which
the well is to be drilled identified by section or
lot number, city, village, township, and county;
15
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al
.
Up
on
re
ce
ip
t
of
an
ap
pl
ic
at
io
n
fo
r
a
pe
nu
it
to
dr
il
l
a
ne
w
we
ll
,
dr
il
l
an
ex
is
ti
ng
we
ll
de
ep
er
,
re
op
en
a
we
ll
,
or
us
e
a
we
l
l
fo
r
in
je
ct
io
n
of
a
li
qu
id
fo
r
wh
ic
h
a
pe
rm
it
is
re
qu
ir
ed
by
se
ct
io
n
15
09
.0
51
of
th
e
Re
vi
se
d
Co
de
,
ot
he
r
th
an
on
e
wh
ic
h
co
me
s
wi
th
in
th
e
re
qu
ir
em
en
ts
of
se
ct
io
n
15
09
.2
1
of
15
09
.2
2
of
th
e
Re
vi
se
d
Co
de
,
th
e
ch
ie
f
of
th
e
di
vi
si
on
of
oi
l
an
d
ga
s
sh
al
l
de
te
rs
in
e
wh
et
he
r
th
e
pr
op
os
ed
in
je
ct
io
n
wo
ul
d
pr
es
en
t
an
un
re
as
on
ab
le
ri
sk
th
at
wa
st
e
or
co
nt
am
in
at
io
n
of
oi
l
or
ga
s
in
th
e
ea
rt
h
wi
ll
oc
cu
r.
If
he
de
te
rm
in
es
su
ch
ri
sk
to
ex
is
t,
he
sh
al
l
ma
ke
an
or
de
r
re
je
ct
in
g
th
e
ap
pl
ic
at
io
n.
If
he
de
te
rm
in
es
su
ch
ri
sk
no
t
to
ex
is
t,
he
sh
al
l
tr
an
sm
it
co
pi
es
of
th
e
ap
pl
ic
at
io
n
an
d
th
e
ma
p
re
qu
ir
ed
by
se
ct
io
n
15
09
.0
6
of
th
e
Re
vi
se
d
Co
de
to
th
e
wa
te
r
‘
po
ll
ut
io
n
co
nt
ro
l
bo
ar
d,
th
e
di
re
ct
or
of
he
al
th
,
th
e
ch
ie
f
of
th
e
i
16
i
 d
i
v
i
s
i
o
n
o
f
g
e
o
l
o
g
i
c
a
l
s
u
r
v
e
y
,
t
h
e
c
h
i
e
f
o
f
t
h
e
d
i
v
i
s
i
o
n
o
f
w
a
t
e
r
a
n
d
,
i
f
s
o
r
e
q
u
i
r
e
d
b
y
s
e
c
t
i
o
n
1
5
0
9
.
0
8
o
f
t
h
e
R
e
v
i
s
e
d
C
o
d
e
,
t
o
t
h
e
c
h
i
e
f
o
f
t
h
e
d
i
v
i
s
i
o
n
o
f
m
i
n
e
s
.
T
h
e
c
h
i
e
f
o
f
t
h
e
d
i
v
i
s
i
o
n
o
f
g
e
o
l
o
g
i
c
a
l
s
u
r
v
e
y
s
h
a
l
l
a
p
p
r
o
v
e
t
h
e
a
p
p
l
i
c
a
t
i
o
n
u
n
l
e
s
s
h
e
d
e
t
e
r
m
i
n
e
s
t
h
a
t
t
h
e
p
r
o
p
o
s
e
d
i
n
j
e
c
t
i
o
n
w
o
u
l
d
p
r
e
s
e
n
t
a
n
u
n
r
e
a
s
o
n
a
b
l
e
r
i
s
k
o
f
l
o
s
s
o
r
d
a
m
a
g
e
t
o
v
a
l
u
a
b
l
e
m
i
n
e
r
a
l
r
e
s
o
u
r
c
e
s
.
T
h
e
c
h
i
e
f
o
f
t
h
e
d
i
v
i
s
i
o
n
o
f
w
a
t
e
r
s
h
a
l
l
m
a
k
e
a
r
e
p
o
r
t
a
n
d
r
e
c
o
m
-
m
e
n
d
a
t
i
o
n
t
o
t
h
e
d
i
r
e
c
t
o
r
o
f
n
a
t
u
r
a
l
r
e
s
o
u
r
c
e
s
.
T
h
e
w
a
t
e
r
p
o
l
l
u
t
i
o
n
c
o
n
t
r
o
l
b
o
a
r
d
s
h
a
l
l
a
p
p
r
o
v
e
t
h
e
a
p
p
l
i
c
a
t
i
o
n
i
f
i
t
d
e
t
e
r
m
i
n
e
s
t
h
a
t
t
h
e
p
r
o
p
o
s
e
d
i
n
j
e
c
t
i
o
n
w
i
l
l
n
o
t
c
a
u
s
e
p
o
l
l
u
t
i
o
n
a
s
d
e
f
i
n
e
d
i
n
d
i
v
i
s
i
o
n
(
A
)
o
f
s
e
c
t
i
o
n
7
1
1
1
.
0
1
o
f
t
h
e
R
e
v
i
s
e
d
C
o
d
e
.
U
p
o
n
a
p
p
r
o
v
a
l
b
y
t
h
e
w
a
t
e
r
p
o
l
l
u
t
i
o
n
c
o
n
t
r
o
l
b
o
a
r
d
,
t
h
e
d
e
p
a
r
t
-
m
e
n
t
o
f
h
e
a
l
t
h
u
n
d
e
r
s
e
c
t
i
o
n
3
7
0
1
.
1
9
o
f
t
h
e
R
e
v
i
s
e
d
C
o
d
e
,
t
h
e
c
h
i
e
f
o
f
t
h
e
d
i
v
i
s
i
o
n
o
f
g
e
o
l
o
g
i
c
a
l
s
u
r
v
e
y
,
a
n
d
b
y
t
h
e
c
h
i
e
f
o
f
t
h
e
d
i
v
i
s
i
o
n
o
f
m
i
n
e
s
i
f
r
e
q
u
i
r
e
d
b
y
s
e
c
t
i
o
n
1
5
0
9
.
0
8
o
f
t
h
e
R
e
v
i
s
e
d
C
o
d
e
,
t
h
e
c
h
i
e
f
o
f
t
h
e
d
i
v
i
s
i
o
n
o
f
o
i
l
a
n
d
g
a
s
s
h
a
l
l
i
s
s
u
e
a
l
i
q
u
i
d
d
i
s
p
o
s
a
l
p
e
r
m
i
t
w
i
t
h
s
u
c
h
c
o
n
d
i
t
i
o
n
s
a
s
m
a
y
b
e
n
e
c
e
s
s
a
r
y
t
o
p
r
o
t
e
c
t
h
e
a
l
t
h
,
s
a
f
e
t
y
,
o
r
t
h
e
c
o
n
s
e
r
v
a
t
i
o
n
o
f
n
a
t
u
r
a
l
r
e
s
o
u
r
c
e
s
,
i
n
c
l
u
d
i
n
g
a
l
l
c
o
n
d
i
t
i
o
n
s
a
p
p
e
n
d
e
d
b
y
t
h
e
w
a
t
e
r
p
o
l
l
u
t
i
o
n
c
o
n
t
r
o
l
b
o
a
r
d
a
n
d
t
h
e
d
e
p
a
r
t
m
e
n
t
o
f
h
e
a
l
t
h
.
I
f
t
h
e
c
h
i
e
f
i
s
u
n
a
b
l
e
t
o
o
b
t
a
i
n
t
h
e
r
e
q
u
i
r
e
d
a
p
p
r
o
v
a
l
s
,
h
e
s
h
a
l
l
i
s
s
u
e
a
n
o
r
d
e
r
d
e
n
y
i
n
g
t
h
e
a
p
p
l
i
c
a
t
i
o
n
.
I
n
a
n
a
p
p
e
a
l
f
r
o
m
s
u
c
h
a
n
o
r
d
e
r
w
h
e
r
e
t
h
e
a
p
p
l
i
c
a
t
i
o
n
w
a
s
d
e
n
i
e
d
b
e
c
a
u
s
e
o
f
l
a
c
k
o
f
a
p
p
r
o
v
a
l
b
y
a
n
a
g
e
n
c
y
o
r
a
g
e
n
c
i
e
s
o
t
h
e
r
t
h
a
n
t
h
e
d
i
v
i
s
i
o
n
o
f
o
i
l
a
n
d
g
a
s
,
t
h
e
a
p
p
e
a
l
s
h
a
l
l
b
e
t
a
k
e
n
u
n
d
e
r
s
e
c
t
i
o
n
1
1
9
.
1
2
o
f
t
h
e
R
e
v
i
s
e
d
C
o
d
e
a
s
i
f
t
h
e
o
r
d
e
r
h
a
d
b
e
e
n
m
a
d
e
b
y
t
h
e
a
g
e
n
c
y
w
h
o
s
e
a
p
p
r
o
v
a
l
i
s
l
a
c
k
i
n
g
.
T
h
e
c
h
i
e
f
o
f
t
h
e
d
i
v
i
s
i
o
n
o
f
o
i
l
a
n
d
g
a
s
m
a
y
a
d
o
p
t
r
u
l
e
s
a
n
d
r
e
g
u
l
a
t
i
o
n
s
f
o
r
t
h
e
a
d
m
i
n
i
s
t
r
a
t
i
o
n
a
n
d
i
m
p
l
e
m
e
n
t
a
t
i
o
n
o
f
t
h
i
s
s
e
c
t
i
o
n
a
s
m
a
y
b
e
n
e
c
e
s
s
a
r
y
t
o
p
r
o
t
e
c
t
h
e
a
l
t
h
,
s
a
f
e
t
y
,
o
r
t
h
e
c
o
n
s
e
r
v
a
t
i
o
n
o
f
n
a
t
u
r
a
l
r
e
s
o
u
r
c
e
s
.
.
T
h
e
c
h
i
e
f
m
a
y
o
r
d
e
r
t
h
a
t
a
l
i
q
u
i
d
d
i
s
p
o
s
a
l
p
e
r
m
i
t
b
e
s
u
s
p
e
n
d
e
d
a
n
d
t
h
a
t
o
p
e
r
a
t
i
o
n
s
c
e
a
s
e
i
f
h
e
d
e
t
e
r
m
i
n
e
s
t
h
a
t
t
h
e
w
e
l
l
i
s
b
e
i
n
g
o
p
e
r
a
t
e
d
i
n
v
i
o
l
a
t
i
o
n
o
f
l
a
w
,
r
e
g
u
l
a
t
i
o
n
,
o
r
d
e
r
,
o
r
c
o
n
d
i
t
i
o
n
o
f
t
h
e
p
e
r
m
i
t
.
U
p
o
n
s
e
r
v
i
c
e
o
f
a
c
o
p
y
o
f
t
h
e
o
r
d
e
r
u
p
o
n
t
h
e
p
e
r
m
i
t
h
o
l
d
e
r
,
h
i
s
a
g
e
n
t
,
o
r
a
s
s
i
g
n
e
e
,
t
h
e
p
e
n
u
i
t
a
n
d
o
p
e
r
a
t
i
o
n
s
t
h
e
r
e
u
n
d
e
r
s
h
a
l
l
b
e
i
m
m
e
d
i
a
t
e
l
y
s
u
s
p
e
n
d
e
d
w
i
t
h
o
u
t
p
r
i
o
r
h
e
a
r
i
n
g
,
a
n
d
s
h
a
l
l
r
e
m
a
i
n
s
u
s
p
e
n
d
e
d
u
n
t
i
l
t
h
e
v
i
o
l
a
t
i
o
n
i
s
c
o
r
r
e
c
t
e
d
a
n
d
t
h
e
o
r
d
e
r
o
f
s
u
s
p
e
n
s
i
o
n
i
s
l
i
f
t
e
d
.
I
f
a
v
i
o
l
a
t
i
o
n
i
s
t
h
e
s
e
c
o
n
d
w
i
t
h
i
n
a
o
n
e
-
y
e
a
r
p
e
r
i
o
d
,
t
h
e
c
h
i
e
f
m
a
y
,
after
hearing,
revoke
the
permit.
  
 T
h
e
c
h
i
e
f
m
a
y
o
r
d
e
r
t
h
a
t
a
l
i
q
u
i
d
d
i
s
p
o
s
a
l
p
e
r
m
i
t
b
e
s
u
s
p
e
n
d
e
d
a
n
d
t
h
a
t
o
p
e
r
a
t
i
o
n
s
c
e
a
s
e
i
f
h
e
h
a
s
r
e
a
s
o
n
a
b
l
e
c
a
u
s
e
t
o
b
e
l
i
e
v
e
t
h
a
t
t
h
e
p
e
r
m
i
t
w
o
u
l
d
n
o
t
h
a
v
e
b
e
e
n
i
s
s
u
e
d
i
f
i
n
f
o
r
m
a
t
i
o
n
a
V
a
i
l
-
a
b
l
e
a
t
t
h
e
t
i
m
e
o
f
s
u
s
p
e
n
s
i
o
n
h
a
d
b
e
e
n
a
v
a
i
l
a
b
l
e
a
t
t
h
e
t
i
m
e
a
d
e
t
e
r
m
i
n
a
t
i
o
n
w
a
s
m
a
d
e
b
y
o
n
e
o
f
t
h
e
a
g
e
n
c
i
e
s
a
c
t
i
n
g
u
n
d
e
r
a
u
t
h
o
r
i
t
y
o
f
t
h
i
s
s
e
c
t
i
o
n
.
U
p
o
n
s
e
r
v
i
c
e
o
f
a
c
o
p
y
o
f
t
h
e
o
r
d
e
r
u
p
o
n
t
h
e
p
e
r
m
i
t
h
o
l
d
e
r
,
h
i
s
a
g
e
n
t
,
o
r
a
s
s
i
g
n
e
e
,
t
h
e
p
e
r
m
i
t
a
n
d
o
p
e
r
a
t
i
o
n
s
t
h
e
r
e
u
n
d
e
r
s
h
a
l
l
b
e
i
m
m
e
d
i
a
t
e
l
y
s
u
s
p
e
n
d
e
d
w
i
t
h
o
u
t
p
r
i
o
r
h
e
a
r
i
n
g
,
b
u
t
a
p
e
r
m
i
t
m
a
y
n
o
t
b
e
s
u
s
p
e
n
d
e
d
f
o
r
s
u
c
h
r
e
a
s
o
n
w
i
t
h
o
u
t
p
r
i
o
r
h
e
a
r
i
n
g
u
n
l
e
s
s
i
m
m
e
d
i
a
t
e
s
u
s
p
e
n
s
i
o
n
i
s
n
e
c
e
s
s
a
r
y
t
o
p
r
e
v
e
n
t
w
a
s
t
e
o
r
c
o
n
t
a
m
i
n
a
t
i
o
n
o
f
o
i
l
o
r
g
a
s
,
p
o
l
l
u
t
i
o
n
a
s
d
e
f
i
n
e
d
i
n
d
i
v
i
s
i
o
n
(
A
)
o
f
s
e
c
t
i
o
n
6
1
1
1
.
0
1
o
f
t
h
e
R
e
v
i
s
e
d
C
o
d
e
,
d
a
m
a
g
e
t
o
v
a
l
u
a
b
l
e
m
i
n
e
r
a
l
r
e
s
o
u
r
c
e
s
,
o
r
d
a
n
g
e
r
t
o
h
u
m
a
n
l
i
f
e
o
r
h
e
a
l
t
h
.
I
f
a
f
t
e
r
h
e
a
r
i
n
g
t
h
e
c
h
i
e
f
d
e
t
e
r
m
i
n
e
s
t
h
a
t
t
h
e
p
e
r
m
i
t
w
o
u
l
d
n
o
t
h
a
v
e
b
e
e
n
i
s
s
u
e
d
i
f
t
h
e
i
n
f
o
n
n
a
t
i
o
n
a
v
a
i
l
a
b
l
e
a
t
t
h
e
t
i
m
e
o
f
t
h
e
h
e
a
r
i
n
g
h
a
d
b
e
e
n
a
v
a
i
l
a
b
l
e
a
t
t
h
e
t
i
m
e
a
d
e
t
e
r
m
i
n
a
t
i
o
n
w
a
s
m
a
d
e
b
y
o
n
e
o
f
t
h
e
a
g
e
n
c
i
e
s
a
c
t
i
n
g
u
n
d
e
r
a
u
t
h
o
r
i
t
y
o
f
t
h
i
s
s
e
c
t
i
o
n
,
h
e
s
h
a
l
l
r
e
v
o
k
e
t
h
e
p
e
r
m
i
t
.
A
r
e
v
o
c
a
t
i
o
n
o
f
p
e
r
m
i
t
s
h
a
l
l
n
o
t
p
r
e
j
u
d
i
c
e
t
h
e
r
i
g
h
t
o
f
t
h
e
h
o
l
d
e
r
t
o
o
b
t
a
i
n
a
n
o
t
h
e
r
p
e
n
n
i
t
.
W
h
e
n
a
p
e
r
m
i
t
h
a
s
b
e
e
n
r
e
v
o
k
e
d
,
t
h
e
p
e
r
m
i
t
h
o
l
d
e
r
o
r
o
t
h
e
r
p
e
r
s
o
n
r
e
s
p
o
n
s
i
b
l
e
t
h
e
r
e
f
o
r
e
s
h
a
l
l
i
m
m
e
-
d
i
a
t
e
l
y
p
l
u
g
t
h
e
w
e
l
l
.
I
n
a
n
a
p
p
e
a
l
f
r
o
m
a
n
o
r
d
e
r
o
f
s
u
s
p
e
n
s
i
o
n
o
r
r
e
v
o
c
a
t
i
o
n
w
h
e
r
e
t
h
e
o
r
d
e
r
w
a
s
m
a
d
e
b
e
c
a
u
s
e
o
f
o
b
j
e
c
t
i
o
n
o
f
a
n
a
g
e
n
c
y
o
r
a
g
e
n
c
i
e
s
n
a
m
e
d
i
n
t
h
i
s
s
e
c
t
i
o
n
o
t
h
e
r
t
h
a
n
t
h
e
d
i
v
i
s
i
o
n
o
f
o
i
l
o
r
g
a
s
,
t
h
e
a
p
p
e
a
l
s
h
a
l
l
b
e
t
a
k
e
n
u
n
d
e
r
s
e
c
t
i
o
n
1
1
9
.
1
2
o
f
t
h
e
R
e
v
i
s
e
d
C
o
d
e
a
s
i
f
t
h
e
o
r
d
e
r
h
a
d
b
e
e
n
m
a
d
e
b
y
t
h
e
a
g
e
n
c
y
u
p
o
n
w
h
o
s
e
o
b
j
e
c
t
i
o
n
t
h
e
o
r
d
e
r
w
a
s
b
a
s
e
d
.
(
1
9
6
9
H
l
.
E
f
f
.
3
-
1
8
-
6
9
.
1
3
2
v
S
2
2
6
)
O
h
i
o
h
a
s
r
e
q
u
i
r
e
d
m
a
n
y
s
a
f
e
g
u
a
r
d
s
f
o
r
i
n
j
e
c
t
i
o
n
w
e
l
l
s
.
E
s
s
e
n
t
i
a
l
l
y
a
l
l
o
f
t
h
e
p
r
o
c
e
d
u
r
e
s
r
e
c
o
m
m
e
n
d
e
d
i
n
t
h
e
l
i
t
e
r
a
t
u
r
e
a
r
e
r
e
q
u
i
r
e
d
i
n
c
l
u
d
i
n
g
c
a
s
i
n
g
c
e
m
e
n
t
e
d
t
h
r
o
u
g
h
f
r
e
s
h
w
a
t
e
r
,
l
o
n
g
s
t
r
i
n
g
o
f
c
a
s
i
n
g
c
e
m
e
n
t
e
d
t
o
s
u
r
f
a
c
e
,
a
d
e
q
u
a
t
e
m
o
n
i
t
o
r
s
o
f
c
a
s
i
n
g
a
n
d
t
u
b
i
n
g
p
r
e
s
s
u
r
e
s
w
i
t
h
s
h
u
t
-
d
o
w
n
a
l
a
r
m
s
,
f
i
l
t
r
a
t
i
o
n
o
f
w
a
s
t
e
s
,
e
x
t
e
n
s
i
v
e
e
n
g
i
n
e
e
r
i
n
g
a
n
d
g
e
o
l
o
g
i
c
r
e
p
o
r
t
s
b
o
t
h
b
e
f
o
r
e
a
n
d
a
f
t
e
r
w
e
l
l
c
o
n
s
t
r
u
c
t
i
o
n
,
l
i
m
i
t
s
o
n
i
n
j
e
c
t
i
o
n
p
r
e
s
s
u
r
e
,
a
n
d
p
e
r
i
o
d
i
c
(
m
o
n
t
h
l
y
)
r
e
p
o
r
t
s
o
n
a
l
l
a
s
p
e
c
t
s
o
f
w
e
l
l
o
p
e
r
a
-
t
i
o
n
.
I
n
a
d
d
i
t
i
o
n
,
t
h
e
o
n
l
y
f
o
n
n
a
t
i
o
n
a
p
p
r
o
v
e
d
f
o
r
d
i
s
p
o
s
a
l
i
s
t
h
e
d
e
e
p
e
s
t
r
e
s
e
r
v
o
i
r
,
t
h
e
M
t
.
S
i
m
o
n
(
C
a
m
b
r
i
a
n
)
s
a
n
d
s
t
o
n
e
.
N
o
d
i
s
p
o
s
a
l
i
s
a
l
l
o
w
e
d
w
h
e
r
e
n
e
a
r
l
y
p
o
s
s
i
b
l
y
u
n
p
l
u
g
g
e
d
w
e
l
l
s
a
r
e
p
r
e
s
e
n
t
.
A
l
t
h
o
u
g
h
i
t
i
s
d
i
f
f
i
c
u
l
t
f
o
r
a
r
e
g
u
l
a
t
o
r
y
a
g
e
n
c
y
t
o
o
b
t
a
i
n
t
h
e
n
e
c
e
s
s
a
r
y
e
x
p
e
r
t
i
s
e
t
o
j
u
d
g
e
t
h
i
s
m
a
t
t
e
r
,
a
n
a
t
t
e
m
p
t
i
s
m
a
d
e
t
o
d
i
s
c
o
u
r
a
g
e
i
n
j
e
c
t
i
o
n
w
h
e
r
e
a
l
t
e
r
n
a
t
i
v
e
w
a
s
t
e
t
r
e
a
t
m
e
n
t
m
e
t
h
o
d
s
a
r
e
r
e
a
s
o
n
a
b
l
y
a
p
p
l
i
c
a
b
l
e
.
‘
T
h
e
r
e
h
a
v
e
b
e
e
n
n
o
i
n
s
t
a
n
c
e
s
o
f
p
o
l
l
u
t
i
o
n
o
f
s
u
r
f
a
c
e
w
a
t
e
r
s
o
r
f
r
e
s
h
w
a
t
e
r
a
q
u
i
f
e
r
s
f
r
o
m
d
e
e
p
d
i
s
p
o
s
a
l
i
n
O
h
i
o
.
I
n
m
o
s
t
c
a
s
e
s
,
i
f
a
n
u
n
f
o
r
e
s
e
e
n
a
c
c
i
d
e
n
t
w
e
r
e
t
o
o
c
c
u
r
a
n
d
w
a
s
t
e
s
e
s
c
a
p
e
d
t
o
s
u
r
f
a
c
e
w
a
t
e
r
s
,
i
t
w
o
u
l
d
m
a
r
k
a
r
e
t
u
r
n
t
o
t
h
e
d
i
s
p
o
s
a
l
m
e
t
h
o
d
p
r
a
c
t
i
c
e
d
p
r
i
o
r
t
o
d
e
e
p
i
n
j
e
c
t
i
o
n
.
T
h
a
t
i
s
t
o
s
a
y
,
s
u
r
f
a
c
e
w
a
t
e
r
s
r
e
c
e
i
v
e
d
t
h
e
 
L;
untr
eate
d li
quid
wast
es b
efor
e th
e de
ep w
ells
were
in o
pera
tion
anyw
ay.
Suc
h a
cci
den
ts
are
con
sid
ere
d u
nli
kel
y i
n O
hio
bec
aus
e o
f t
he
rig
oro
us
safeguariszgpliei.
The
Ohio
Divi
sion
of O
il a
nd G
as h
as i
ssue
d 9
disp
osal
perm
its.
Five
wel
ls
are
act
ive
, t
wo
are
pen
din
g c
omp
let
ion
, o
ne
is
jus
t s
tar
tin
g
construction and one well has been abandoned.
Disposal wells in Ohio are summarized in Table h.
   
2
0
Ohi
o
Was
te
Dis
pos
al
Wel
ls
Taneh
 
Location Companv
Perry .
Calhio Div
. of Stauf
fer
Chemical
International Salt Co.Cleveland
Lima
Vistr
on Di
v. of
Sohio
* DZ - Disposal Zone
TD - Total Depth
Date
Dept
h(ft
)
Dri
lle
d
DZ—
TD
*
1971
5600
Unknown V lh35
(old well
re—worked)
1968
3200
1969 n
1971
u
spu
dde
d
Geol
ogy
of
Disposal Area
Cambrian-Mt. Simon
sandstones
:Oriskany
Cambrian-Mt.Simon
sand
ston
e
Typ
e
of
Was
te
& G
all
ons
Per
Day
NaCl - 25,000 ppm (60-100 gpm
proposed)
Organics h,200 ppm
2-72 not in operation
Natural brine re—injected
15 gpm (proposed)
2—72 not in operation
Acrilonitrile waste, sulfate
solution with RC“ — 6 to 8
million gallons per month
I!
Same as above - estimated
5 million gallons per month.
 
 PENNSYLVANIA
Pennsylvania policy for deep well disposal usually means subsurface
‘
storage of waste and does not represent waste treatment.
The policy,
which has not yet been adopted by the Pennsylvania Environmental
Quality
anrd,
is
as
follows:
Policy for Deep Well Disposal
Deep disposal wells are usually means of subsurface storage of
waste and do not represent waste treatment.
In all cases where sub-
surface disposal is being considered, the following conditions should
be assured:
1.
That alternative measures have been explored and found less
A
satisfactory in terns
of environmental protection.
2.
That appropriate geologic studies and pro-injection tests
have been made to allow prediction of the fate of the
injected wastes.
3. That there is adequate evidence to demonstrate that such
injections will not interfere with present or potential
use of water and mineral resources, or reSult in other
environmentalvhazards.
A h. That the best practical measures for pre-treatment and
concentration of pastes have been applied.
5. That subsurface injection systems have been designed and
constructed using the best available techniques, equipment,
and design criteria.
6. That provisions for adequate and continuous monitoring of the
injection operation and resulting effects on the environment
have been made.
7. That appropriate provisions will be made for plugging such
wells with cement from the bottom to the surface to insure
maximum safety when their use
fordisposal is discontinued.
8. That all monitoring wells upon ccnpletion of disposal
operation be plugged to insure maximum safety or upon the
decision of the Department of Environmental Resources.
Pennsylvania has three wastewater disposal wells located in the Great
Lakes Basin.
These wells are owned by Hammermill Paper Company at
Erie, Pennsylvania, and were used for the injection of spent pulping
liquor. However, the wells are no longer being used for waste disposal.
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R
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p
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f
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d
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U
.
S
.
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m
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t
,
w
a
s
d
e
v
e
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o
p
e
d
t
o
a
d
m
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e
r
a
n
d
e
n
f
o
r
c
e
t
h
e
p
r
o
-
v
i
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n
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o
f
t
h
e
O
h
i
o
R
i
v
e
r
V
a
l
l
e
y
W
a
t
e
r
S
a
n
i
t
a
t
i
o
n
C
o
m
p
a
c
t
.
A
s
p
a
r
t
o
f
t
h
i
s
C
o
m
m
i
s
s
i
o
n
,
a
n
a
d
v
i
s
o
r
y
c
o
m
m
i
t
t
e
e
w
a
s
a
p
p
o
i
n
t
e
d
t
o
d
e
v
e
l
o
p
a
r
e
s
o
l
u
t
i
o
n
r
e
g
a
r
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i
n
g
t
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e
o
f
i
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e
c
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i
o
n
w
e
l
l
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f
o
r
t
h
e
d
i
s
p
o
s
a
l
o
f
wastewaters.
TU RTSiLUTICN
Irziz‘gféiibE-I or INDUSTRIAL WASTWATERS
 
H
H
E
E
E
A
S
:
S
u
b
s
u
r
f
a
c
e
i
n
j
e
c
t
i
o
n
i
s
a
t
e
c
h
n
i
c
a
l
l
y
a
c
c
e
p
t
a
b
l
e
m
e
t
h
o
d
o
f
w
a
s
t
e
w
a
t
e
r
d
i
s
p
o
s
a
l
o
r
l
o
n
g
-
t
e
r
m
s
t
o
r
a
g
e
w
h
e
r
e
b
y
p
o
l
l
u
t
a
n
t
s
c
a
n
b
e
r
e
m
o
v
e
d
f
r
o
m
t
h
e
s
u
r
f
a
c
e
e
n
v
i
r
o
n
m
e
n
t
a
n
d
p
l
a
c
e
d
i
n
r
e
m
o
t
e
u
n
d
e
r
-
g
r
o
u
n
d
l
o
c
a
t
i
o
n
s
,
w
h
i
c
h
a
r
e
o
f
n
o
v
a
l
u
e
f
o
r
o
t
h
e
r
p
u
r
p
o
s
e
s
;
a
n
d
W
H
E
R
E
A
S
:
T
h
e
t
e
c
h
n
i
q
u
e
s
,
t
r
a
i
n
e
d
p
e
r
s
o
n
n
e
l
a
n
d
o
r
g
a
n
i
z
a
t
i
o
n
s
a
r
e
;
a
v
a
i
l
a
b
l
e
w
i
t
h
i
n
t
h
e
O
R
S
A
N
C
O
d
i
s
t
r
i
c
t
f
o
r
e
v
a
l
u
a
t
i
o
n
o
f
t
h
e
g
e
o
l
o
g
i
c
a
n
d
e
n
g
i
n
e
e
r
i
n
g
f
e
a
s
i
b
i
l
i
t
y
o
f
s
u
b
s
u
r
f
a
c
e
d
i
s
p
o
s
a
l
a
n
d
f
o
r
d
e
t
e
r
-
m
i
n
a
t
i
o
n
o
f
t
h
e
r
i
s
k
s
,
i
f
a
n
y
,
t
h
a
t
m
a
y
e
x
i
s
t
t
o
p
u
b
l
i
c
h
e
a
l
t
h
a
n
d
t
o
t
h
e
e
n
v
i
r
o
n
m
e
n
t
;
N
O
W
,
T
H
E
R
E
F
O
R
E
:
.
l
e
t
i
t
b
e
r
e
s
o
l
v
e
d
t
h
a
t
t
h
e
O
h
i
o
R
i
v
e
r
V
a
l
l
e
y
W
a
t
e
r
S
a
n
i
t
a
t
i
o
n
C
o
m
m
i
s
s
i
o
n
d
o
e
s
d
e
c
l
a
r
e
a
s
a
p
o
l
i
c
y
t
h
a
t
w
a
s
t
e
-
w
a
t
e
r
i
n
j
e
c
t
i
o
n
m
a
y
b
e
u
s
e
d
w
h
e
n
t
h
e
r
e
g
u
l
a
t
o
r
y
a
u
t
h
o
r
i
t
i
e
s
w
i
t
h
l
e
g
a
l
j
u
r
i
s
d
i
c
t
i
o
n
h
a
v
e
c
o
n
s
i
d
e
r
e
d
o
t
h
e
r
a
l
t
e
r
n
a
t
i
v
e
m
e
t
h
o
d
s
o
f
w
a
s
t
e
m
a
n
a
g
e
m
e
n
t
,
a
n
d
t
h
e
n
,
a
f
t
e
r
w
e
i
g
h
i
n
g
a
l
l
a
v
a
i
l
a
b
l
e
e
v
i
d
e
n
c
e
,
h
a
v
e
d
e
t
e
r
m
i
n
e
d
t
h
a
t
:
c
.
I
.
G
e
o
l
o
g
i
c
a
n
d
h
y
d
r
o
l
o
g
i
c
c
o
n
d
i
t
i
o
n
s
w
i
l
l
,
b
e
y
o
n
d
a
r
e
a
s
o
n
-
a
b
l
e
d
o
u
b
t
,
p
r
o
v
i
d
e
a
d
e
q
u
a
t
e
p
r
o
t
e
c
t
i
o
n
o
f
t
h
e
p
u
b
l
i
c
a
n
d
n
a
t
u
r
a
l
r
e
s
o
u
r
c
e
s
.
r
 
'
I
I
.
T
h
e
v
o
l
u
m
e
,
c
h
e
m
i
c
a
l
a
n
d
p
h
y
s
i
c
a
l
c
o
m
p
o
s
i
t
i
o
n
,
a
n
d
t
o
x
i
c
i
t
y
o
f
t
h
e
f
l
u
i
d
t
o
b
e
i
n
j
e
c
t
e
d
a
r
e
c
o
m
p
a
t
i
b
l
e
w
i
t
h
t
h
e
g
e
o
l
o
g
i
c
a
n
d
h
y
d
r
o
l
o
g
i
o
c
o
n
d
i
t
i
o
n
s
;
I
I
I
.
T
h
e
n
e
c
e
s
s
a
r
y
s
a
f
e
t
y
f
a
c
t
o
r
s
a
n
d
m
o
n
i
t
o
r
i
n
g
d
e
v
i
c
e
s
a
r
e
i
n
c
o
r
p
o
r
a
t
e
d
i
n
t
h
e
d
e
s
i
g
n
o
f
t
h
e
i
n
j
e
c
t
i
o
n
w
e
l
l
a
n
d
i
t
s
a
u
x
i
l
l
a
r
y
'
f
a
c
i
l
i
t
i
e
s
;
I
V
.
T
h
e
w
a
s
t
e
i
n
j
e
c
t
i
o
n
s
y
s
t
e
m
w
i
l
l
b
e
o
p
e
r
a
t
e
d
i
n
a
m
a
n
n
e
r
c
o
m
p
a
t
i
b
l
e
w
i
t
h
t
h
e
g
e
o
l
o
g
i
c
c
o
n
d
i
t
i
o
n
s
,
w
a
s
t
e
c
h
a
r
a
c
t
e
r
,
a
n
d
s
y
s
t
e
m
c
o
n
s
t
r
u
c
t
i
o
n
;
'
V
.
A
n
a
p
p
r
o
v
e
d
a
l
t
e
r
n
a
t
i
v
e
p
l
a
n
f
o
r
w
a
s
t
e
m
a
n
a
g
e
m
e
n
t
i
s
a
v
a
i
l
a
b
l
e
i
n
t
h
e
e
v
e
n
t
t
h
a
t
o
p
e
r
a
t
i
o
n
a
l
p
r
o
b
l
e
m
s
o
c
c
u
r
d
u
r
i
n
g
t
h
e
u
s
e
o
f
t
h
e
i
n
j
e
c
t
i
o
n
s
y
s
t
e
m
;
V
I
.
T
h
e
i
n
j
e
c
t
i
o
n
w
e
l
l
w
i
l
l
b
e
p
r
o
p
e
r
l
y
p
l
u
g
g
e
d
a
n
d
m
a
r
k
e
d
b
e
f
o
r
e
a
b
a
n
d
o
n
m
e
n
t
;
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CANADA «n
The accelerating rate of production of industrial wastes, of ever-
increasinz complexity and toxicity, makes it imperative that methods
of waste Hﬁif"" nt are developed that are both safe and effective.
As er a: licgija and solids are concerned, the disposal of waste can
take place either on the surface (e.g. sanitary landfill, sewage
lagoons, discharge into rivers or lakes), or below the surface
(injection into deep wells, placement in mined cavities, or injection
in shales as a waste/grout mixture). In view of the growing concern
about the enisc;ng industrial pollution of air, soil and surface waters,
the suhzarfsoe disposal of industrial waste is rapidly becoming an
alternative with considerable attraction for those in the waste-
management field. In many cases it is not only technically feasible,
but also economically attractive, especially when new standards for
surface-water quality necessitate extensive capital lay-outs for new
waste-treatment facilities.
   
 
What must not be overlooked, however, is that use of the method will
result in irreversible pollution of a number of subsurface formations.
In addition, the representation of the method as either final or
permanent is unrealistic, in view of the fact that injected waste may
be subject to dispersal by diffusion and convection in natural sub-
surface flow systems.
Early recognition of the hazards presented by the subsurface disposal
method, and of its consequences, is imperative. Therefore it is
necessary to gain a better understanding and more detailed knowledge
of the behavior of injected waste. Through subsequent legislation and
regulation it should be possible to avoid the costly mistakes, serious
accidents and often irreversible damage to the environment that can
result from subsurface disposal operations that are hastily conceived,
inadequately investigated, improperly equipped and insufficiently
monitored. ‘
 
The number of waste-disposal wells in Canada is not very large as yet.
There are 31 registered disposal wells, distributed as follows: 16 in
Ontario, 10 in Alberta, h in Saskatchewan and l in Manitoba. Details
about these wells are given in Table 5. Disposal depths in Ontario
are disturbingly shallow, generally less than 1,000 feet. In the
Western Canada Sedimentary Basin depths range fran 1,373 to 5,087 feet
(top of diSposal interval). This difference reflects the difference
in available sediment thickness in the two areas.
* Taken from Subsurface Disposal of waste in Canada, EVERINGEN, R.0.
and R. A. FREEZE, Inland Waters Branch, Tech. Bull. No. 119, 1971,
Department of Energy, Mines and Resources.
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os
al
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rr
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d
ou
t
le
ga
ll
y
wi
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ou
t
th
e
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rm
is
si
on
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me
go
ve
rn
me
nt
al
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Tab
le
1 s
how
s t
he
leg
isl
ati
ve
sit
uat
ion
in
Can
ada
ear
ly
in
197
0.
On
Ly
tw
o
pr
ov
in
ce
s,
On
ta
ri
o
an
d
Qu
eb
ec
,
ha
ve
si
gn
if
ic
an
t
re
fe
re
nc
es
to
dee
p-w
ell
dis
pos
al
of
ind
ust
ria
l w
ast
e
in
the
ir
sta
tut
es.
Two
oth
ers
,
Pri
nce
Edw
ard
Isl
and
and
Nov
a
Sco
tia
hav
e
a
sin
gle
—li
ne
sta
te-
ment disallowing pollution through wells.
As
far
as
reg
ula
tio
n
and
con
tro
l
are
con
cer
ned
,
onl
y
Ont
ari
o h
as
inv
est
ed
aut
hor
ity
in
a r
egu
lat
ory
age
ncy
.
Que
bec
is
in
the
pro
ces
s
of
wri
tin
g r
egu
lat
ion
s a
nd
pre
sum
abl
y t
hes
e w
ill
be
in
ope
rat
ion
soo
n.
Alb
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a,
Sas
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and
Man
ito
ba
do
not
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e s
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ifi
c l
egi
sla
tio
n
for
sub
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e d
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osa
l o
f i
ndu
str
ial
was
tes
, b
ut
the
y d
o h
ave
leg
isl
a-
tio
n a
nd
sup
por
tin
g r
egu
lat
ory
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hin
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for
the
con
tro
l o
f s
ubs
urf
ace
‘di
spo
sal
of
sal
t w
at
er
fro
m o
il-
fie
ld
ope
rat
ion
s.
Man
ito
ba
has
inc
lud
ed
"re
fin
ery
was
tes
" i
n t
his
leg
isl
ati
on.
New
Bru
nsw
ick
, N
ova
Sco
tia
,
Pri
nce
Edw
ard
Isl
and
and
New
fou
ndl
and
do
not
hav
e a
ny
est
abl
ish
ed
reg
ula
tor
y m
ach
ine
ry'
for
thi
s p
urp
ose
, b
ut
nei
the
r d
o t
hey
hav
e a
ny
waste disposal wells in their territories.
The
Can
ada
wat
er
Act
(Bi
ll
C-l
kh)
pro
vid
es
"fo
r t
he
man
age
men
t o
f t
he
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er
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our
ces
of
Can
ada
inc
lud
ing
res
ear
ch
and
the
pla
nni
ng
and
imp
lem
ent
ati
on
of
pro
gra
ms
rel
ati
ng
to
the
con
ser
vat
ion
, d
eve
lop
men
t
and utilization of water resources." '
Gro
und
wat
er
pro
vid
es
abo
ut
10
per
cen
t o
f t
he
mun
ici
pal
wat
er
sup
pli
es
tha
t s
erv
e c
omm
uni
tie
s w
ith
a p
opu
lat
ion
of
1,0
00
or
mor
e,
as
wel
l a
s
a s
imi
lar
or
lar
ger
pro
por
tio
n f
or
sma
lle
r c
omm
uni
tie
s.
In
add
iti
on,
lar
ge
unr
eco
rde
d i
ndu
str
ial
and
agr
icu
ltu
ral
wat
er
sup
pli
es
are
obt
ain
ed
fro
m g
rou
ndw
ate
r r
eso
urc
es.
Gro
und
wat
er
thu
s f
ont
s a
sig
nif
ica
nt
par
t
of
the
wat
er
res
our
ces
of
Can
ada
, a
nd
as
suc
h i
ts
con
ser
vat
ion
is
pro
-
vided for under the Canada Water Act.
Subs
urfa
ce d
ispo
sal
of l
iqui
d wa
ste
cons
titu
tes
a po
tent
ial
thre
at t
o
bot
h s
urf
ace
and
und
erg
rou
nd
wat
er
res
our
ces
.
Sub
sur
fac
e d
isp
osa
l o
f
liq
uid
was
te
cou
ld
thu
s b
e s
ubj
ect
to
con
tro
l u
nde
r t
he
ter
ms
of
the
Canada Water Act. Regulations made under the Canada Water Act in the
26,
 
field of subsurface diSpoSal of waste would apply to all territories
under Federal jurisdiction; to cases with international implications;
and to cases involving more than one province.
The Canada Water Act
could, moreover,
be used as a basis for a Federal-Provincial coopera—
tive effort toxard the fontulation of country-wide, uniform regulations
to
deal
with
subsurface
waste
disposal.
CONCLUSIONS
from Department of
Energy,
Mines
and
Resources
Technical
Bulletin
Krrber
b9
are
as
follows:
1. The s .3
natural resource, r b
but not re-usable after u
pacity of geological formations is a limited
is when used for gas or fresh-water storage,
se for the disposal of wastes.
2.
Subsurface
disposal
of waste
does
not
constitute permanent
disposal
in
the strictest
sense
of the word.
Rather,
it detains
waste
in transitory
storage;
it may
lead to irreversible
pollution
of a portion
of the
subsurface
environment;
injected waste
may also
reappear at the surface.
3.
The volume of waste that can be injected under safe injection
pressures is limited to that which can be provided by compression and
displacement of original formation fluids and by compression of the
formation rock; this represents only a fraction of the aggregate pore
space. .
h. Subsurface disposal should only be allowed for "natural"
fluids and some classes of "foreign" fluids; a waste'classification
system
shouldbe established on the basis of quantitative criteria,
to
enable
a
rational evaluation
of individual
cases.
 
S. Subsurface disposal of any waste should be discontinued as
soon as an economical alternative treatment and/or disposal method,
or a re-use or recovery process becomes available, for such waste.
6.
Proper management of subsurface space and the establishment
of priorities for its use should preferably be approached on a
regional basis. .
7. A regional subdivision of the country, e.g., into "potential",
"limited" and "closed" disposal regions, should be established; for
this purpose some quantification of the qualitative criteria given in
Chapter IV may be necessary.
8.
Prospective disposal formations with
"potential" and "limited"
disposal regions should be zoned, e.g., as "favorable", "restricted"
and"closed", for the purpose of subsurface disposal.
Such zoning, as
well as formation and site selection for particular disposal projects,
should be based on quantitative criteria similar in nature to the
qualitative criteria of Technical Bulletin No. h9.
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se
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5
Industrial Waste—Disposal Wells
in Canada
well Disposal Inj. ' Inj.
Provin2e
V0
Area
Formation
Depth
'
Rate
Press
Waste
'
'
(fa)
igpm)
(psi)
 
J.
‘
1
_
1e
inery
caustic
2-6
Sarnia
Detroit River
700
10—30
300-550
Sognt refinvrv caustic
7
Sarnia_
Detroit
River
800
50
225
Spent
refinery
caustic
8—9
Sarnia
Detroit
River
800
80
180
nols
10-12
Sarnin
Sa1in1
Salt
‘
1900
—
Gravity
13—14
Sarniu
Detroit
River
800
90
350
condensate
water
15
Sarnia
Detroit
River
800
30
Gravity
{ydrrcurbon Chlorices
lo
Sarniu
Detroit
River
850
.
4
275
Spent
Caustics
and
yJUL
‘
Ontario
1
Sernin
Detroit
River
900
36
470
81m:1
‘
   
Alberta
17
Edmonton
Nisku
3&38-3580
21
—
Alkaline
brine,
chlor~
uted phenols
'-
1.3
Edmonton
Nisiu
[£64383
63
—
Undefined
plant
residue
Edmonton
Nisku
253-b3
d
refinery
b.5155
zeiined
refinery
HJStcS
inery
process
water
and
spent
lye
acid
from
nlhylution
of
butane
1
23
Edmonton
Nisku
hob
-hl§0
291
—
'
' Uﬁdrfinud
re:
.
I
24-26
Lloydminster
Sparky
?10
~2851.
19
—
ndefincd
refinery:
 
2
9
 
3
Edmonton
Nisku
h130—b350
2
:1
Edmonton
Nisiu
11176-12301;
3
23
Red D7; er
Viking
5135-5162
-
so
  
’1’?
Saskatchewan
-1
Regina
Niskn
3500
35
-
Spent
caustic
39
Regind
Blairm
re
3505
50
—
Waste
water
29
Saskatoon
Blairmore
“000
29
-
Phenolic,
non-phenolic
and
organic
wastes
30
Esterhazy
Inter
ake
3850—1037
600
900
Waste
potash
brine
Xu81
(+P5C12,
Mgsos)
Winiipeg
4S
3-4673
50
Aanitcba
31
Virden
Lodgepole
2080-2142
<1
<1000
Undefined refinery waste
psi
:35
of Cold:
Ontario:
(31);
Alberta,
bushgtchewan,
Manitoba:
Provincial
AQCHC105
1
/
1
 

_ONTARIO
(Revised
March
1972)
DEEP
WELL
DISPOSAL
OF
INDUSTRIAL
WASTES
IN
ONTARIO
Introduction
“Aw-em
With
the
increasing
public
awareness
of
pollution
problems
and
the
solutions
available,
it
is
essential
that
the
use
of
the
subsurface
for
waste
difrcsal
be
considered
in
light
of
all
alternative
methods
and
that
a
reallc.ic
and
coordinated
program
of
waste
disposal
be
A a
developed.
The
injection
into
deep
wells
of
liquid
industrial
wastes
that
cannot
be
economically
and/or
technologically
treated
at
surface
by
present-
day
methods
is
an
expedient
method
of
disposal
and
can
be
considered
as
an
acceptable
practice
provided
that
the
chemical
quality
of
surface
and
ground
water
is
assured
and
valuable
mineral
resources
are
not
lost.
Existing
government
regulations
recognize
the
controlled
utilization
of
deep
wells
for
receiving
waste
or
mineral
waters
as
an
accepted
method
of disposal.
The
subsurface
fonnations
used
for
this
purpose
are
a
natural
resource
of
limited
capacity.
The
resource
is
not
renewable,
but
is
one
which
requires
careful
use
andconservation.
History
of
Deep
well
Disposal
in
Ontario
The
first
subsurface
disposal
wells
in
Ontario
were
developed
by
Imperial
Oil
Limited
at
their
Sarnia
refinery
between
the
years
1958
to
1960
with
the
drilling
of
six
wells,
including
one
observation
well.
Since
that
time,
twelve
additional
industries
have
developed
seventeen
wells
for
this
purpose.
All
wells
have
been
completed
in
the
Detroit
River
Group
of
formations
of
Devonian
age
with
the
exception
of
three
which
utilize
a
brine
cavity
in
the
Salina
formation
of
Silurian
age
and
one
to
the
Cambrian
fonnation.
At
present,
fourteen
wells
are
in
operation
utilizing
the
Detroit
River
Group,
and
two
in
the
Salina
salt.
Five
wells
are
on
a
stand-by
basis.
One
recently
became
unserviceable
and
has
been
plugged.
Although
not
falling
into
the
same
category
as
an
industrial
waste
well,
there
are
in
addition
1h
brine
disposal
wells
disposing
limited
quantities
of
produced
oil
field
brine
-
nine
into
the
Detroit
River
Group
and
five
into
the
Guelph
formation.
(See
Table
6)
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ou
t
50
0
fe
et
to
95
0
fr
at
(r
it
h
th
e
ex
ce
pt
io
n
of
on
e
we
ll
in
to
th
e
Ca
mb
ri
an
at
3,
14
00
fe
et
).
Ab
ou
t
30
mi
le
s
ea
st
of
th
e
di
sp
os
al
ar
ea
,
po
ta
bl
e
or
ne
ar
-p
ot
ab
le
wa
te
r
is
Ob
ta
in
ed
fr
om
th
e
De
tr
oi
t
Ri
ve
r
Gr
ou
p
of
fo
rm
at
io
ns
.
Th
e
po
te
nt
ia
l
fo
r
up
-d
ip
mi
gr
at
io
n
of
th
e
wa
st
e
an
d
fo
nn
at
io
n
fl
ui
ds
to
th
e
po
ta
bl
e
zo
ne
is
un
kn
ow
n
an
d
re
qu
ir
es
fu
rt
he
r
st
ud
y.
Th
e
pr
es
en
t
pr
ob
le
ns
wh
ic
h
ar
e
be
in
g
ex
pe
ri
-
en
ce
d
wi
th
wa
st
e
re
tu
rn
s
ha
ve
de
mo
ns
tr
at
ed
th
at
th
e
pr
es
en
ce
of
in
ad
eq
ua
te
ly
pl
ug
ge
d
we
ll
s
th
re
at
en
th
e
qu
al
it
y
of
su
rf
ac
e
an
d
gr
ou
nd
waters in the area.
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T
h
e
r
e
h
a
s
b
e
e
n
n
o
e
v
i
d
e
n
c
e
t
o
d
a
t
e
w
h
i
c
h
i
n
d
i
c
a
t
e
s
s
u
b
s
u
r
f
a
c
e
p
o
t
a
b
l
e
w
a
t
e
r
s
h
a
v
e
b
e
e
n
p
o
l
l
u
t
e
d
d
ue
t
o
d
e
e
p
w
e
l
l
d
i
s
p
o
s
a
l
b
u
t
t
h
e
p
o
s
s
i
b
i
l
—
i
t
y
is
v
e
r
y
r
e
a
l
a
n
d
t
h
e
c
o
n
s
e
q
u
e
n
c
e
s
c
o
u
l
d
b
e
e
x
t
r
e
m
e
l
y
s
e
v
e
r
e
.
P
o
t
a
b
l
e
g
r
o
u
n
d
w
a
t
e
r
i
n
O
n
t
a
r
i
o
m
u
s
t
b
e
p
r
e
s
e
r
v
e
d
a
n
d
p
a
r
t
i
c
u
l
a
r
l
y
i
n
s
o
u
t
h
r
o
s
t
e
r
n
C
n
t
a
r
i
o
b
e
c
a
u
s
e
o
f
i
t
s
r
e
l
a
t
i
v
e
s
c
a
r
c
i
t
y
l
o
c
a
l
l
y
a
n
d
t
h
e
l
a
c
k
o
f
a
n
i
m
m
e
d
i
a
t
e
e
c
o
n
o
m
i
c
a
l
t
e
r
n
a
t
i
v
e
s
h
o
u
l
d
p
o
l
l
u
t
i
o
n
o
c
c
u
r
.
I
n
v
i
e
w
o
f
t
h
e
p
r
e
s
e
n
t
p
r
o
b
l
e
m
s
a
s
s
o
c
i
a
t
e
d
w
i
t
h
d
e
e
p
w
e
l
l
d
i
s
p
o
s
a
l
i
n
t
o
the
Detroit
R
i
ve
r
Group
o
f
f
o
r
m
a
t
i
o
n
s
and
the
r
e
l
a
t
i
v
e
s
h
a
l
l
o
w
n
e
s
s
o
f
t
h
i
s
zone,
p
r
i
o
r
i
t
y
is
b
e
i
n
g
g
i
ve
n
to
d
e
t
e
r
m
i
n
i
n
g
the
s
u
i
t
a
b
i
l
i
t
y
of
t
h
e
m
u
c
h
d
e
e
p
e
r
C
a
m
b
r
i
a
n
f
o
r
m
a
t
i
o
n
s
f
o
r
d
i
s
p
o
s
a
l
p
u
r
p
o
s
e
s
.
Problem Areas
._.__.__.._.. A
S
i
n
c
e
1966,
t
h
r
e
e
p
r
o
b
l
e
m
areas
h
a
ve
r
e
s
u
l
t
e
d
f
r
o
m
s
u
b
s
u
r
f
a
c
e
d
i
s
p
o
s
a
l
o
p
e
r
a
t
i
o
n
s
,
two
w
i
t
h
the
r
e
f
i
n
e
r
y
c
o
m
p
l
e
x
i
n
S
a
r
n
i
a
a
n
d
t
h
e
o
t
h
e
r
w
i
t
h
t
h
e
C
I
L
w
e
l
l
s
i
n
t
h
e
T
o
w
n
s
h
i
p
o
f
S
o
m
b
r
a
.
F
o
r
t
u
n
a
t
e
l
y
,
l
i
t
t
l
e
d
e
t
e
c
t
-
a
b
l
e
d
a
m
a
g
e
t
o
w
a
t
e
r
r
e
s
o
u
r
c
e
s
h
a
d
r
e
s
u
l
t
e
d
a
n
d
t
h
e
p
r
o
b
l
e
m
s
h
a
v
e
a
p
p
a
r
e
n
t
l
y
b
e
e
n
r
e
s
o
l
v
e
d
.
H
o
w
e
v
e
r
,
t
h
e
e
f
f
e
c
t
s
i
f
a
n
y
o
n
p
o
t
a
b
l
e
g
r
o
u
n
d
w
a
t
e
r
s
u
p
p
l
i
e
s
a
r
e
n
o
t
k
n
o
w
n
.
T
h
e
s
e
p
r
o
b
l
e
m
s
a
r
e
j
u
s
t
i
f
i
a
b
l
y
o
f
c
o
n
c
e
r
n
t
o
b
o
t
h
t
h
e
P
r
o
v
i
n
c
e
o
f
O
n
t
a
r
i
o
a
n
d
t
h
e
S
t
a
t
e
o
f
M
i
c
h
i
g
a
n
.
I
n
1
9
6
6
,
I
m
p
e
r
i
a
l
O
i
l
E
n
t
e
x
p
r
i
s
e
s
L
i
m
i
t
e
d
,
S
a
r
n
i
a
,
e
x
p
e
r
i
e
n
c
e
d
o
n
e
,
o
f
i
t
s
f
i
r
s
t
p
r
o
b
l
e
m
s
w
i
t
h
d
e
e
p
w
e
l
l
d
i
s
p
o
s
a
l
w
h
e
n
p
h
e
n
o
l
i
c
w
a
s
t
e
s
m
i
g
r
a
t
e
d
f
r
o
m
t
h
e
d
i
s
p
o
s
a
l
z
o
n
e
u
p
a
n
u
n
r
e
c
o
r
d
e
d
a
n
d
u
n
p
l
u
g
g
e
d
w
e
l
l
t
o
s
u
r
f
a
c
e
b
e
n
e
a
t
h
a
b
u
i
l
d
i
n
g
.
T
h
e
w
e
l
l
w
a
s
s
u
b
s
e
q
u
e
n
t
l
y
l
o
c
a
t
e
d
and plugged.
S
u
b
s
u
r
f
a
c
e
d
i
s
p
o
s
a
l
o
p
e
r
a
t
i
o
n
s
i
n
t
h
e
S
a
r
n
i
a
a
r
e
a
m
a
y
h
a
v
e
c
r
e
a
t
e
d
a
n
o
u
t
b
r
e
a
k
p
r
o
b
l
e
m
i
n
P
o
r
t
H
u
r
o
n
,
M
i
c
h
i
g
a
n
i
n
1
9
6
7
,
w
h
e
n
1
1
o
l
d
,
u
n
p
l
o
t
t
e
d
w
e
l
l
s
b
e
g
a
n
t
o
f
l
o
w
w
a
t
e
r
_
a
n
d
o
i
l
.
I
t
i
s
u
n
d
e
r
s
t
o
o
d
t
h
a
t
t
h
e
s
e
w
e
l
l
s
h
a
v
e
n
o
w
b
e
e
n
p
l
u
g
g
e
d
b
y
t
h
e
S
t
a
t
e
.
T
h
e
t
h
i
r
d
p
r
o
b
l
e
m
o
c
c
u
r
r
e
d
r
e
c
e
n
t
l
y
w
i
t
h
the
C
I
L
o
p
e
r
a
t
i
o
n
n
e
a
r
C
o
u
r
t
r
i
g
h
t
.
F
l
u
i
d
s
b
e
g
a
n
f
l
o
w
i
n
g
f
r
o
m
t
w
o
o
l
d
p
l
u
g
g
e
d
w
e
l
l
s
l
o
c
a
t
e
d
w
i
t
h
i
n
o
n
e
m
i
l
e
o
f
a
n
d
u
p
-
d
i
p
f
r
o
m
t
h
e
d
i
s
p
o
s
a
l
w
e
l
l
s
.
T
h
e
f
l
o
w
i
n
g
w
e
l
l
s
h
a
d
o
r
i
g
i
n
a
l
l
y
b
e
e
n
p
l
u
g
g
e
d
u
s
i
n
g
l
e
a
d
p
l
u
g
s
a
b
o
v
e
t
h
e
D
e
t
r
o
i
t
R
i
v
e
r
G
r
o
u
p
a
n
d
d
i
d
n
o
t
c
o
n
t
a
i
n
c
e
m
e
n
t
as
is
n
o
w
r
e
q
u
i
r
e
d
.
T
h
e
w
e
l
l
s
w
e
r
e
r
e
-
e
n
t
e
r
e
d
a
n
d
p
r
o
p
e
r
l
y
p
l
u
g
g
e
d
w
i
t
h
O
I
L
a
s
s
u
m
i
n
g
f
u
l
l
r
e
s
p
o
n
s
i
-
bility.
A
n
o
l
d
b
r
i
n
e
w
e
l
l
d
r
i
l
l
e
d
a
b
o
u
t
1
9
0
0
,
l
o
c
a
t
e
d
n
o
r
t
h
o
f
M
a
r
i
n
e
C
i
t
y
,
M
i
c
h
i
g
a
n
,
a
n
d
t
w
o
m
i
l
e
s
s
o
u
t
h
w
e
s
t
o
f
t
h
e
C
I
L
P
l
a
n
t
,
b
e
g
a
n
f
l
o
w
i
n
g
a
t
a
b
o
u
t
t
h
e
s
a
m
e
t
i
m
e
as
t
h
e
r
e
c
e
n
t
C
I
L
p
r
o
b
l
a
n
.
T
h
e
D
e
p
a
r
t
m
e
n
t
e
x
a
m
i
n
e
d
this
we
l
l
a
n
d
m
e
a
s
u
r
e
d
the
f
l
o
w
at
o
n
e
-
h
a
l
f
g
a
l
l
o
n
p
e
r
m
i
n
u
t
e
a
n
d
r
e
c
o
r
d
e
d
at
1
h
psi
s
h
ut
i
n
p
r
e
s
s
ur
e
.
I
n
f
o
r
m
a
t
i
o
n
o
b
t
a
i
n
e
d
f
r
o
m
t
h
e
D
e
p
a
r
t
m
e
n
t
o
f
N
a
t
u
r
a
l
R
e
s
o
u
r
c
e
s
,
S
t
a
t
e
o
f
M
i
c
h
i
g
a
n
,
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sugg
est
that
on t
wo t
ests
dril
led
for
oil
and
gas
in t
he M
arin
e Ci
ty
area
, br
ine
from
the
Detr
oit
Rive
r G
roup
flow
ed f
rom
the
Well
s.
The
Department of Natural Resources ccnsiders this to be an abnormal
occu
rren
ce f
or w
ells
dril
led
in t
he M
arin
e Ci
ty a
rea.
The
outb
reak
s
in Michigan may have been related to the CIL disposal wells at
Courtright.
The
imme
diat
e pr
oble
m wi
th u
tili
zing
the
Detr
oit
Rive
r Gr
oup
for
wast
e di
spos
al i
s th
e ex
iste
nce
in c
erta
in a
reas
of e
ithe
r un
plot
ted,
unplugged or improperly plugged wells. These wells are often incapable
of withstanding the increased fonnation pressures due to injection and
hence may allow the vertical migration of injected waste and/or dis-
placed formation fluids onto the ground surface or into potable ground
water zones.
Disposal in these areas has been restricted by volume and will shortly
be prohibited. Many other areas of the Detroit River Group are not
plagued withthis problem and could provide a safe place to store
certain industrial wastes provided that there is a reasonable assurance
that there will be no significant vertical or lateral migration of the
waste or poor quality formation fluids into surface waters or potable
ground water aquifers. Where lost circulation zones occur, these still
provide excellent disposal reservoirs provided wastes are injected
under gravity. If injection pressure is not required, excessive
pressure build-up in older wells should not occur.
Current Regulations and Procedures forSubsurface Disposal in Ontario
The responsibility for regulating the subsurface disposal of industrial
wastes in Ontario rests with the Department of Mines and Northern
Affairs and the Ministry of the Environment.
The Department regulates thedrilling, completing, testing, and abandon-
ment of disposal wells. The Ministry regulates the overall operation
and issues certificates of approval.
The role of the Department, with respect to subsurface disposal of
wastes, is to provide those individuals considering disposal with all
available geological and hydrological data for any given area or
fonmation.bcing contemplated and to assist them in any way it can.
The Department makes available all pertinent geological and completion
data on nearby wells, core analyses, water analyses, updated well maps,
various computer programs and relevant data on existing disposal
operations in the Province.
The Department also has a sample repository in London, Ontario, where
all drill cuttings and a large quantity of core are maintained and
_ are available for study.
3h
  
 The Ministry requires a feasibility study on all disposal proposals.
The onus is on the applicant to provide in the study sufficient
infcnaaticn to indicate that the operation will be adequately
engineered to safeguard all valuable mineral resources and potable
water supplies and that the injected fluids will be confined to the
receiving formation. With specific types ofwaste disposed of in
certain areas, lateral confinement of the waste may have to be
assured but generally this is not a requirement.
Require cats of an Inclination to Dispose
The following procedures are presented as a guide to companies or
individuals applying for a subsurface disposal penmit.
In Ontario, the guidelines described are minimal requirements and may
be further expanded depending upon a particular application.
(1) Review with the Department and the Ministry the potential and
feasibility of a selected area and fonnation.
(2) Submit a feasibility study of the entire project to the Depart-
ment and the Ministry.
(3) The feasibility study should include the following:
(a) Detailed description of the geology of the area under
consideration and depth of fresh water sources.
(b)' Location of all-wells within a 1-1/2 mile radius that
penetrated the proposed disposal horizon and an indication
(of whether or not these wells have been property plugged.
(c) Anticipated daily volumes to be injected, (maximum and
minimum) yearly volumes and expected life of project.
(d) Anticipated injection pressures (maximum and minimum).
(6) Complete chemical, physical and biological analyses of fluids
to be injected. Anticipated compatibility with fluids in the
fennation. ‘
(f) Names of all mineral owners within a one-mile radius of the
proposed well.
(g) Anticipated hydrology of proposed formation and expected
performance.
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 (
h
)
P
r
o
p
o
s
e
d
c
a
s
i
n
g
p
r
o
g
r
a
m
i
n
c
l
u
d
i
n
g
w
e
i
g
h
t
,
g
r
a
d
e
,
s
i
z
e
a
n
d
c
e
m
e
n
t
i
n
g
p
r
o
g
r
a
m
.
(
N
o
t
e
:
I
n
j
e
c
t
i
o
n
c
a
s
i
n
g
w
i
l
l
r
e
q
u
i
r
e
c
e
m
e
n
t
t
o
s
u
r
f
a
c
e
.
)
I
n
d
i
c
a
t
i
o
n
w
h
e
t
h
e
r
o
r
n
o
t
t
u
b
i
n
g
i
s
t
o
b
e
u
s
e
d
,
i
f
i
t
w
i
l
l
b
e
s
e
t
o
n
a
p
a
c
k
e
r
a
n
d
t
y
p
e
o
f
f
l
u
i
d
t
o
b
e
p
l
a
c
e
d
i
n
a
n
n
u
l
u
s
.
(1
)
O
u
t
l
i
n
e
o
f
t
e
s
t
i
n
g
p
r
o
c
e
d
ur
e
,
c
o
r
i
n
g
a
n
d
l
o
g
g
i
n
g
p
r
o
g
r
a
m
s
.
(j
)
D
e
s
c
r
i
p
t
i
o
n
o
f
m
o
n
i
t
o
r
i
n
g
p
r
o
g
r
a
m
.
O
n
c
e
t
h
e
s
t
u
d
y
h
a
s
b
e
e
n
r
e
v
i
e
w
e
d
a
n
d
a
p
p
r
o
v
e
d
,
t
h
e
a
p
p
l
i
c
a
n
t
m
a
y
a
p
p
l
y
f
o
r
a
p
e
r
m
i
t
t
o
d
r
i
l
l
a
w
e
l
l
i
n
a
c
c
o
r
d
a
n
c
e
w
i
t
h
t
h
e
p
r
o
c
e
d
u
r
e
f
o
r
a
n
y
o
i
l
a
n
d
g
a
s
w
e
l
l
.
A
n
a
b
a
n
d
o
n
m
e
n
t
b
o
n
d
o
f
$
5
0
0
.
0
0
w
i
l
l
b
e
r
e
q
u
i
r
e
d
i
f
t
h
e
a
p
p
l
i
c
a
n
t
i
s
n
o
t
b
o
t
h
t
h
e
l
a
n
d
o
w
n
e
r
a
n
d
o
w
n
e
r
o
f
t
h
e
m
i
n
e
r
a
l
r
i
g
h
t
s
o
f
t
h
e
t
r
a
c
t
w
h
e
r
e
t
h
e
w
e
l
l
i
s
s
i
t
u
a
t
e
d
.
T
h
e
p
e
r
m
i
t
as
i
s
s
u
e
d
i
s
o
n
l
y
fo
r
th
e
dr
il
li
ng
of
th
e
we
ll
an
d
is
no
t
a
pe
rm
it
fo
r
di
sp
os
al
.
T
h
e
d
a
t
a
t
o
b
e
s
u
b
m
i
t
t
e
d
w
i
l
l
i
n
c
l
u
d
e
t
h
e
d
a
t
a
as
r
e
q
u
i
r
e
d
f
o
r
a
l
l
w
e
l
l
s
.
T
h
e
s
e
d
a
t
a
i
n
c
l
u
d
e
g
e
o
l
o
g
i
c
a
l
t
o
p
s
,
c
a
s
i
n
g
,
c
o
r
i
n
g
l
o
g
a
n
d
t
r
e
a
t
m
e
n
t
d
a
t
a
,
a
n
d
o
i
l
,
g
a
s
a
n
d
w
a
t
e
r
s
h
o
w
s
.
I
n
a
d
d
i
t
i
o
n
,
t
h
e
fo
ll
ow
in
g
da
ta
wi
ll
be
re
qu
ir
ed
.
(1
)
Sc
he
ma
ti
c
dr
aw
in
g
of
th
e
we
ll
.
(2
)
‘I
nj
ec
ti
on
i
n
t
e
r
v
a
l
s
o
r
p
e
r
f
o
r
a
t
i
o
n
s
t
o
b
e
us
e
d
.
(3
)
R
e
s
u
l
t
s
o
f
i
n
j
e
c
t
i
v
i
t
y
t
e
s
t
s
a
n
d
a
m
e
a
s
u
r
e
o
f
t
h
e
c
r
i
t
i
c
a
l
i
n
p
u
t
p
r
e
s
s
u
r
e
.
V
(h
)
P
o
r
o
s
i
t
y,
p
e
r
m
e
a
b
i
l
i
t
y
a
n
d
l
i
t
h
o
l
o
g
y
o
f
i
n
j
e
c
t
i
o
n
i
n
t
e
r
V
a
l
.
(5) Formation fluid sample.
(6
)
R
e
s
ul
t
s
o
f
w
a
s
t
e
c
o
m
p
a
t
i
b
i
l
i
t
y
w
i
t
h
f
o
r
m
a
t
i
o
n
fl
ui
ds
.
(7
)
Fo
rm
at
io
n
pr
es
su
re
an
d
me
as
ur
e
of
hy
dr
os
ta
ti
c
he
ad
.
(8
)
A
n
t
i
c
i
p
a
t
e
d
r
a
t
e
o
f
i
n
j
e
c
t
i
o
n
a
n
d
i
n
j
e
c
t
i
o
n
p
r
e
s
s
u
r
e
.
(
9
)
F
o
r
m
a
t
i
o
n
t
e
m
p
e
r
a
t
u
r
e
.
(1
0)
Ca
lc
ul
at
ed
ra
te
of
fl
ui
d
di
sp
la
ce
me
nt
b
y
in
je
ct
ed
wa
st
e
an
d
direction of dispersion.
(1
1)
Su
rf
ac
e
in
st
al
la
ti
on
s:
(a
)
De
sc
ri
pt
io
n
of
pr
et
re
at
me
nt
pr
oc
es
s
of
wa
st
es
an
d
fa
ci
li
ti
es
-
to
be
us
ed
in
cl
ud
in
g
fl
ow
di
ag
ra
m.
(b
)
D
e
s
c
r
i
p
t
i
o
n
o
f
t
y
p
e
o
f
m
a
t
e
r
i
a
l
s
t
o
b
e
u
s
e
d
i
n
e
q
ui
p
m
e
n
t
a
n
d
transmission lines.
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 (
c
)
D
e
s
c
r
i
p
t
i
o
n
a
n
d
l
o
c
a
t
i
o
n
o
f
a
n
y
w
a
s
t
e
r
e
t
e
n
t
i
o
n
p
o
n
d
s
.
A
f
t
e
r
t
h
e
a
b
o
v
e
d
a
t
a
h
a
s
b
e
e
n
r
e
v
i
e
w
e
d
a
n
d
a
p
p
r
o
v
e
d
,
a
p
e
r
m
i
t
t
o
d
i
s
-
p
o
s
e
w
i
l
l
b
e
g
r
a
n
t
e
d
.
T
h
e
p
e
r
m
i
t
m
a
y
b
e
s
u
b
j
e
c
t
t
o
s
p
e
c
i
f
i
c
r
e
q
u
i
r
e
m
e
n
t
s
o
r
l
i
m
i
t
a
t
i
o
n
s
a
s
t
h
e
M
i
n
i
s
t
e
r
d
e
e
m
s
n
e
c
e
s
s
a
r
y
a
n
d
m
a
y
i
n
c
l
u
d
e
:
(a
)
M
a
x
i
m
u
m
w
e
l
l
-
h
e
a
d
i
n
j
e
c
t
i
o
n
p
r
e
s
s
ur
e
s
.
(b
)
Ma
xi
mu
m
vo
lu
me
s
to
be
in
je
ct
ed
.
(
c
)
C
e
r
t
a
i
n
m
o
n
i
t
o
r
i
n
g
p
r
o
c
e
d
u
r
e
s
a
s
i
n
j
e
c
t
i
o
n
r
a
t
e
s
,
i
n
j
e
c
t
i
o
n
p
r
e
s
s
u
r
e
s
,
a
n
n
u
l
u
s
p
r
e
s
s
u
r
e
s
a
n
d
s
p
e
c
i
f
i
c
t
i
m
e
i
n
t
e
r
v
a
l
s
o
f
reporting.
(d
)
T
h
e
d
r
i
l
l
i
n
g
a
n
d
m
o
n
i
t
o
r
i
n
g
o
f
o
n
e
o
r
m
o
r
e
o
b
s
e
r
v
a
t
i
o
n
w
e
l
l
s
i
n
t
o
t
h
e
r
e
c
e
i
v
i
n
g
f
o
r
m
a
t
i
o
n
a
n
d
/
o
r
t
h
e
d
e
e
p
e
s
t
o
v
e
r
l
y
i
n
g
f
r
e
s
h
w
a
t
e
r
horizon.
(
e
)
A
s
p
e
c
i
f
i
c
c
h
e
m
i
c
a
l
c
o
m
p
o
s
i
t
i
o
n
o
f
t
h
e
i
n
j
e
c
t
e
d
f
l
u
i
d
.
(
f
)
‘
R
e
q
u
i
r
e
m
e
n
t
o
f
c
e
r
t
a
i
n
t
e
s
t
s
o
r
s
u
r
v
e
y
s
f
r
o
m
t
i
m
e
t
o
t
i
m
e
t
o
e
s
t
a
b
l
i
s
h
t
h
e
c
o
n
d
i
t
i
o
n
o
f
t
h
e
w
e
l
l
.
\(
g)
A
c
o
n
d
i
t
i
o
n
t
h
a
t
t
h
e
o
p
e
r
a
t
i
o
n
o
f
a
n
y
d
i
s
p
o
s
a
l
w
e
l
l
m
a
y
b
e
l
i
m
i
t
e
d
o
r
t
e
r
m
i
n
a
t
e
d
a
n
d
t
h
e
w
e
l
l
p
l
u
g
g
e
d
i
f
t
h
i
s
a
c
t
i
o
n
i
s
f
o
u
n
d
t
o
b
e
i
n
t
h
e
p
u
b
l
i
c
i
n
t
e
r
e
s
t
.
P
r
o
p
o
s
e
d
C
h
a
n
g
e
s
t
o
E
x
i
s
t
i
n
g
P
o
l
i
c
y
T
h
e
r
e
h
a
s
b
e
e
n
i
n
c
r
e
a
s
i
n
g
p
u
b
l
i
c
c
o
n
c
e
r
n
f
o
r
t
h
e
s
a
f
e
t
y
o
f
w
a
t
e
r
s
u
p
p
l
i
e
s
i
n
t
h
e
a
r
e
a
w
h
e
r
e
w
a
s
t
e
s
a
r
e
i
n
j
e
c
t
e
d
.
A
l
t
h
o
u
g
h
t
h
i
s
c
o
n
c
e
r
n
m
a
y
n
o
t
b
e
f
u
l
l
y
j
u
s
t
i
f
i
e
d
i
n
v
i
e
w
o
f
t
h
e
s
a
f
e
g
u
a
r
d
s
p
r
o
v
i
d
e
d
t
h
r
o
u
g
h
p
r
e
s
e
n
t
p
r
o
c
e
d
u
r
e
s
,
t
h
e
e
x
i
s
t
i
n
g
p
r
o
g
r
a
m
h
a
s
b
e
e
n
r
e
v
i
e
w
e
d
w
i
t
h
t
h
e
o
b
j
e
c
t
o
f
p
r
o
v
i
d
i
n
g
a
n
e
v
e
n
g
r
e
a
t
e
r
f
a
c
t
o
r
o
f
s
a
f
e
t
y
.
A
s
a
r
e
s
u
l
t
o
f
t
h
i
s
r
e
v
i
e
w
,
t
h
e
P
r
o
v
i
n
c
e
i
s
p
r
o
p
o
s
i
n
g
t
o
a
d
o
p
t
t
h
e
f
o
l
l
o
w
i
n
g
p
r
o
g
r
a
m
:
(
1
)
P
r
e
s
s
u
r
e
w
e
l
l
s
i
n
t
o
t
h
e
D
e
t
r
o
i
t
R
i
v
e
r
F
o
r
m
a
t
i
o
n
i
n
t
h
e
S
t
.
C
l
a
i
r
River Area.
N
o
w
a
s
t
e
w
i
l
l
b
e
d
i
s
c
h
a
r
g
e
d
i
n
t
o
t
h
e
s
e
w
e
l
l
s
a
f
t
e
r
1
9
7
2
,
e
x
c
e
p
t
i
n
a
n
e
m
e
r
g
e
n
c
y
w
i
t
h
t
h
e
M
i
n
i
s
t
e
r
'
s
a
p
p
r
o
v
a
l
.
(
2
)
P
r
e
s
s
u
r
e
w
e
l
l
s
i
n
t
o
t
h
e
D
e
t
r
o
i
t
R
i
v
e
r
F
o
n
n
a
t
i
o
n
i
n
a
l
l
O
t
h
e
r
A
r
e
a
s
.
N
o
w
a
s
t
e
e
x
c
e
p
t
b
r
i
n
e
w
i
l
l
b
e
d
i
s
c
h
a
r
g
e
d
i
n
t
o
t
h
e
s
e
w
e
l
l
s
a
f
t
e
r
1
9
7
2
.
B
r
i
n
e
d
i
s
c
h
a
r
g
e
w
i
l
l
n
o
t
b
e
p
e
r
m
i
t
t
e
d
a
f
t
e
r
1
9
7
3
.
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 (
3
)
V
a
c
u
u
m
W
e
l
l
s
i
n
t
o
t
h
e
D
e
t
r
o
i
t
R
i
V
P
T
F
o
n
n
a
t
i
o
n
.
N
o
w
a
s
t
e
e
x
c
e
p
t
b
r
i
n
e
w
i
l
l
b
e
d
i
s
c
h
a
r
g
e
d
i
n
t
o
t
h
e
s
e
w
e
l
l
s
a
f
t
e
r
1
9
7
3
.
A
f
t
e
r
t
h
i
s
d
a
t
e
,
t
h
e
y
m
a
y
c
o
n
t
i
n
u
e
t
o
b
e
u
s
e
d
f
o
r
t
h
e
d
i
s
p
o
s
a
l
o
f
b
r
i
n
e
a
n
d
a
s
a
s
t
a
n
d
-
b
y
s
y
s
t
e
m
f
o
r
e
m
e
r
g
e
n
c
y
u
s
e
w
i
t
h
t
h
e
M
i
n
i
s
t
e
r
'
s
a
p
p
r
o
v
a
l
u
n
t
i
l
a
l
t
e
r
n
a
t
i
v
e
d
i
s
p
o
s
a
l
m
e
t
h
o
d
s
b
e
c
o
m
e
a
v
a
i
l
a
b
l
e
.
(
h
)
W
e
l
l
s
i
n
t
o
t
h
e
C
a
m
b
r
i
a
n
F
o
r
m
a
t
i
o
n
.
W
e
l
l
s
i
n
t
o
t
h
e
C
a
m
b
r
i
a
n
f
o
r
m
a
t
i
o
n
c
a
n
b
e
u
s
e
d
f
o
r
a
l
l
w
a
s
t
e
s
.
T
h
i
s
p
r
o
g
r
a
m
h
a
s
b
e
e
n
d
i
s
c
u
s
s
e
d
i
n
d
e
t
a
i
l
w
i
t
h
t
h
e
i
n
d
u
s
t
r
i
e
s
i
n
v
o
l
v
e
d
a
n
d
t
h
e
i
n
d
u
s
t
r
i
e
s
,
i
n
a
n
e
f
f
o
r
t
t
o
c
o
m
p
l
y
w
i
t
h
i
t
h
a
v
e
m
a
d
e
s
u
b
s
t
a
n
t
i
a
l
p
r
o
g
r
e
s
s
i
n
e
n
g
i
n
e
e
r
i
n
g
a
n
d
i
n
s
t
a
l
l
i
n
g
f
a
c
i
l
i
t
i
e
s
t
o
t
r
e
a
t
w
a
s
t
e
s
o
n
t
h
e
s
u
r
f
a
c
e
t
h
a
t
a
r
e
p
r
e
s
e
n
t
l
y
b
e
i
n
g
i
n
j
e
c
t
e
d
.
C
o
n
s
i
d
e
r
a
t
i
o
n
i
s
a
l
s
o
b
e
i
n
g
g
i
v
e
n
t
o
t
h
e
e
s
t
a
b
l
i
s
h
m
e
n
t
o
f
a
f
u
n
d
b
u
i
l
t
u
p
b
y
c
o
n
t
r
i
b
u
t
i
o
n
s
o
f
t
h
e
O
p
e
r
a
t
o
r
s
o
f
d
i
s
p
o
s
a
l
w
e
l
l
s
w
h
i
c
h
c
o
u
l
d
b
e
u
s
e
d
t
o
p
r
o
v
i
d
e
a
n
a
l
t
e
r
n
a
t
i
v
e
w
a
t
e
r
s
u
p
p
l
y
i
n
t
h
e
u
n
l
i
k
e
l
y
e
v
e
n
t
t
h
a
t
a
s
u
p
p
l
y
w
a
s
a
f
f
e
c
t
e
d
b
y
a
d
e
e
p
w
e
l
l
o
p
e
r
a
t
i
o
n
.
 
 Table6
Industrial
Subsurface
Disposal W
ells in On
tario
Total
Injection Injection Injection
No.
Waste
. Disposal Pressure Rate M.M.BB Date of
Company wells Description Township Formation Depth PSIC U.S.GAL/MIN 6/30/71 System
Polymer
l
Spent Refinery Sarnia
Detroit
900'
uSo
361
0.72
1961
Caustic
River
(Abandoned)
June 1970
Imperial
5
Spent Refinery Sarnia
Detroit
700'
380
30
29.5
1958-60
OBS
Caustic
River
Sun
1
Spent Refinery
Sarnia
Detroit
. 800'
188
2b
2.9
1965
Caustic,Phenols
River
'
1
Shell
2
Phenols
Moore
. Detroit
800'
150
90
S.h
1965.
River
125*
NIL
Dow
3
waste Oils
Sarnia
Salina
1,900'
Vacuum
-
0.060
1968
‘ Salt
3
9
C.I.L.
2
Steam Conden-
Sombra
Detroit
800'
980
75
h.8
1966
.
sate water
River
with ammonia
and
002
Goodfellow
1
Hydrocarbon-
Moore
Detroit
1 800'
Vacuum
55
0.05
196k
Chlorides
River
'
Hydrocarbons
Ethcrs
Phenols
Thompson
2
Spent Caustics
Emmiak.~
Detroit
850'
‘ 275
hl
0.20
1965
and Sulphuric
'
River
Vacuum
Acid
*Static
Pressur
e
1
In
te
rm
it
te
nt
 
'
o
.
.
 
‘.
:fég
gagg
azgf
-m
My
_. 1‘
iv
.
.
“ ‘
Ta
bl
e
6
(C
on
ti
nu
ed
)
”
In
du
st
ri
al
Su
bs
ur
fa
ce
Di
sp
os
al
We
ll
s
in
On
ta
ri
o
 
h
o
To
ta
L
.
In
je
ct
io
n
In
je
ct
io
n
In
je
ct
io
n
No
.
Wa
st
e
Di
sp
os
al
Pr
es
su
re
Ra
te
M.
M.
BB
LS
Da
te
of
Co
mg
an
y
We
ll
s
De
sc
ri
pt
io
n
To
wn
sh
ip
Fo
rm
at
io
n
De
pt
h
PS
IC
‘ U
.S
.G
AL
/M
IN
6/
30
/7
1
Sy
st
em
Ma
rc
us
'
1
Sp
en
t
Re
fi
ne
ry
Em
mi
sk
.
De
tr
oi
t
70
0'
1b
;
12
61
0.
26
19
70
Ca
us
ti
c,
Br
in
e
Ri
ve
r
Ra
m
1
-
So
mb
ra
De
tr
oi
t
72
0
Va
cu
um
—
NI
L
19
70
I
Riv
er
Ca
mb
ri
an
2
Br
in
e
Sa
rn
ia
De
tr
oi
t
(60
0)
' V
ac
uu
m
38
0.7
19
70
Ri
ve
r
/
(19
71)
Pr
ef
on
ta
in
e
1
-
Mo
or
e
De
tr
oi
t
(6
00
)
Va
cu
um
-
NI
L
19
70
Riv
er
Ki
se
r
1
-
M.
Ro
sf
ie
ld
Ca
mb
ri
an
:
3,
ho
o'
\
(8
00
)
(1
70
)
NI
L
19
71
*S
ta
ti
o
Pr
es
su
re
'
1
I
n
t
e
r
m
i
t
t
e
n
t
